Cilia-associated respiratory (CAR) bacillus was identified in respiratory tract lesions of obese mice dying of chronic respiratory disease. Neither Mycoplasma pulmonis nor pathogenic bacteria were isolated from cultures of the lesions at necropsy, but there was serologic and histologic evidence of respiratory virus infection. Cranial-ventral areas of lung were firm and demarcated from unaffected lung at gross examination, and representative tissue sank in water. Microscopically, there was suppurative bronchopneumonia with extensive peribronchiole lymphocyte and plasma cell proliferation. The affected bronchiole epithelium was covered with a sheet of slightly basophilic, filamentous, gram negative bacteria. Bronchioles with lesser amounts oflymphocyte accumulations contained lesser amounts of filamentous bacteria. Bronchioles without filamentous bacteria lining the respiratory epithelium lacked peribronchiole lymphocyte accumulations. There was a high correlation between CAR bacillus-positive serology and the identification of diagnostic histologic lesions. CAR bacillus was readily stained using immunohistochemical methods, and the ultrastructural features were similar to that described in rat infections.
A cilia-associated respiratory (CAR) bacillus has recently been isolated from Sprague/Dawley (NIH) rats with chronic respiratory disease by inoculating the allantoic sac of chick embryos.* The rats from which CAR bacillus was originally isolated also had serologic evidence of Mycoplasma pulmonis, sendai virus, rat corona virus, and pneumonia virus of mice infection.
Weanling N:NIH (SD) rats and weanling N:NIH (S) mice were subsequently experimentally inoculated intranasally with the isolated CAR bacillus and developed histologic pulmonary lesions typical of "Chronic Respiratory Disease," with the exception that affected respiratory epithelial cells with cilia within the lesions were covered by a layer of filamentous bacteria. This exception has diagnostic significance, since similar appearing bacteria have been previously reported in four strains of laboratory rats with chronic respiratory disease which were also infected with sendai virus and Mycoplasma pulmonis,8 and in wild rats with "Chronic Respiratory Disease" infected with Mycoplasrna pul-monix5 The CAR bacillus was reported in one mouse, but has not otherwise been described in spontaneous diseases of mice. When mice which died of spontaneous chronic respiratory disease during the quarantine period were found to be infected with CAR bacillus, and not Mycoplasma pulrnonis, the following study was initiated.
Materials and Methods
Fifty-six male and nine female OB/OB mice with a C57 BW6J background, and 127 male and ten female non-obese littermates were obtained for an experimental cancer study at 3 to 10 months age. The mice were housed in stainless steel solid-bottom cages (30 cm x 17 cm x 15 cm) containing ground corn cob as bedding material. They were fed a commercial laboratory diet ad libitum and allowed free access to drinking water. The environment of the room in which they were housed was maintained at 21 f 1 C with 50 f 20% relative humidity and had a 18 f 1 air changes per hour using 100% fresh air exchange. The light cycle of the holding room was automatically controlled to provide a 12 hour light (0700-1900 hours) and a 12 hour dark (1900-0700 hours) photoperiod without twilight.
Three mice which died during the quarantine period were found at necropsy to have suppurative bronchopneumonia with CAR bacillus visible within histologic lesions. Mycoplasma pulmonis was not isolated from cultures onto mycoplasma agar and broth using the methods and necessary controls previously de~cribed.~ Since this strain of mouse was difficult to obtain and unique for the experiment which was planned, the mice were moved from quarantine to an isolation cubicle where the experiment was begun. The mice were injected intradermally with B-16 mouse melanoma cells and evaluated during necropsy when they died or were euthanizecl over the following 3-month period. Blood was collected immediately from mice which were anesthetized with C02, and serology for CAR bacillus, Mycoplasma pulmonis, sendai virus, and pneumonia virus of mice was done by a commercial laboratory (Microbiological Associates, Bethesda, MD) utilizing enzyme-linked immunosorbent assay (ELISA) techniques. Respiratory tracts were examined and the lungs perfused with 10% neutral buffered formalin. Right and left lungs were separated and each sliced transversely into three or four sections, which were placed into cassettes of right or left lung. Tissues were processed by standard tech-n i q u e~,~ and slides made of right and left lung of each animal. Some specimens were re-embedded in Durcupan embedding medium (Polysciences, Inc., Warrington, PA) and examined by transmission electron microscopy. Immunoperoxidase stains were done on paraffin-embedded tissues using primary antisera against sendai or pneumonia virus of mice (obtained from Microbiological Associates, Bethesda, MD), antisera from mice with positive CAR bacillus titers, and the VECTA STAIN ABC KIT (Vector Laboratories, Burlingame, CA). We followed the staining protocol supplied with the ABC Kit, with the exception that the tissues were incubated in 0.1% trypsin in phosphate buffered saline for 30 minutes at 3 1 C and washed before applying blocking serum and primary antibody. Lungs from 207 mice were examined microscopically, and serology was done on 33 mice.
Results

Necropsy findings
Cranial-ventral pulmonary consolidation was seen at gross examination of mice ( Fig. l) , which subsequently were found to have CAR bacillus infection. Affected areas of lung were generally well demarcated, tan, firm, and sank in water.
Microscopically, lesions were characterized by marked peribronchiolar nodules of lymphocytes and plasma cells (Fig. 2 ). Neutrophils and macrophages filled the adjacent lumen, and a layer of filamentous bacteria could be seen lining some areas of bronchiolar epithelium in most affected bronchioles (Fig. 3) . The bacteria appeared basophilic on HE, gram-negative on Brown and Hopps, and positive for periodic acid-Schiff (PAS) and Warthin-Starry stains (Fig. 4) . In low concentrations and without special stains, the slender bacteria could be confused with cilia. In addition to special stains, the bacteria were differentiated from cilia by using electron microscopy, which showed their different internal features and close anatomical relationships to cilia ( Fig. 5) . A triple-layered outer cell wall was visible within bacteria examined at 65,000 x magnification. Bronchioles with lesser amounts of lymphoid proliferation contained lesser amounts of filamentous bacteria visible histologically. Most bronchioles without filamentous bacteria adhered to the respiratory epithelium lacked peribronchiolar lymphoid accumulations. Lesions were bilateral in 62 of the 72 mice affected, but were seen in only the right lung in eight of 72 and in only the left lung in two of 72 mice.
Two additional types of lesions could be distinguished microscopically within the lungs. There were multiple areas of bronchiole epithelium and interstitial necrosis with neutrophils, occasional multinucleated syncytial cells, eosinophilic cytoplasmic inclusions, and metaplasia of the alveolar lining cells. These lesions were bilateral in 59 of 87 mice so affected, but were seen in only the right lung in 22 of 87 and in only the left lung in six of 87 mice. Twenty-three mice showed lesions of both suppurative bronchopneumonia attributed to CAR bacillus and necrotizing bronchiole-interstitial pneumonia. The third lesion type was occasional foci of metastatic melanoma cells from the experimental intradermally injected tumor cells. Twenty-four mice showed microscopic foci of tumor metastasis, of which eight had suppurative bronchopneumonia, eight had necrotizing bronchiole-interstitial pneumonia, and two had all three lesion types within the same lung. Thirty-seven of 202 mice were free of lung lesions.
Correlation of histopathology, serology, and mouse strain
The relationship of lesions associated with cilia-associated respiratory (CAR) bacillus infection versus CAR bacillus serology versus mouse strain are summarized in Table 1 . It also includes a summary of the lesions attributed to respiratory virus infection versus sendai and pneumonia virus of mice serology and mouse strain.
All 33 mice tested were seronegative for Mycoplusmu pulmonis. Twenty-six of 26 mice with positive titers to CAR bacillus had suppurative bronchopneumonia with CAR bacillus visible within the lesions, and the seven tested which were seronegative did not have lesions. Immunoperoxidase techniques stained bacteria in lesions ( Fig. 6 ) when antisera from mice with titers to CAR bacillus was used; bacteria did not stain when normal mouse serum or sendai and pneumonia virus of mice specific antisera were used. Of seven mice with necrotizing bronchiole-interstitial pneumonia and serology results, seven were seropositive for sendai virus and six were seropositive for pneumonia virus of mice. No lesions diagnostic of viral pneumonia were found in 22 of 29 mice seropositive for sendai virus or ten of 16 mice seropositive for pneumonia virus of mice. Numerous lesions of bronchiole and alveoli were stained with sendai virus and pneumonia virus of mice specific antisera using immunoperoxidase methods, and only sendai virus antigen was detected.
The severity of the respiratory lesions were graded, using previously published basic terminology,' in an attempt to identify a difference in lesion character between the OB/OB mice and their lean littermates. The results are tabulated in Table 2 . A higher percentage of male mice were affected in the non-obese littermates compared to the OB/OB mice; however, the total number of females affected were too few to have statistical significance.
Discussion
Spontaneous cilia-associated respiratory (CAR) bacillus infection in this group of 207 mice had pulmo- Fig. 1 . Thoracic viscera, non-obese mouse with cilia-associated respiratory (CAR) bacillus infection. Cranial-ventral areas (arrows) firm and homogeneous and lack fine details visable through the pleura in unaffected caudal portion. Fig. 2 . Lung, peribronchiolar lymphoid nodules. Bronchioles contain segmented leukocytes. Thin film of bacteria (arrows). HE. Fig. 3 . Bacteria at the epithelial surface, inflammatory cells within the lumen, higher power of Fig. 2 . HE. Bar = 50 pm. nary lesions which were similar to those in rat^.^,^,^ produced, and CAR bacillus appeared to be fatal in Morbidity of CAR bacillus in mice, based upon his-mice that died before experimental manipulations were tologic lesions, was 36%. Mortality due to CAR ba-begun. Mice dying during the experiment had an acute cillus could not be accurately determined because of to subacute virus pneumonia in addition to chronic other concurrent diseases and the experimental ma-respiratory disease associated with CAR bacillus. Senipulations. However, chronic respiratory disease was rology was done on approximately 16% of the mice and indicated involvement of CAR bacillus, sendai virus, and pneumonia virus of mice. None of the 33 mice tested were seropositive to Mycoplasma pulmonis, and there was a high correlation between the finding of diagnostic histologic CAR bacillus lesions and CAR bacillus positive serology. In addition, CAR bacillus, and not mycoplasma, were identified within lesions by electron microscopy. Correlation between pulmonary lesions suggesting virus infection and positive titers to sendai virus and pneumonia virus of mice was less close, but taken together indicate active virus infection. Sendai virus antigen, but not pneumonia virus of mice antigen, was identified within lung lesions, suggesting an active sendai virus infection in some of the mice. Concomitant infection with pneumonia virus of mice cannot be ruled out, because not all lesions were examined immunohistochemically, and because both sendai virus and pneumonia virus of mice may be present within lung for a shorter time than the lesions they produce. More lean littermates of the OB/OB mice were infected with CAR bacillus than the actual obese mice. In contrast, a higher percentage of the OB/OB mice were infected with virus pneumonia than the lean littermates. The OB/OB mice with virus pneumonia also had a higher percentage of mild, moderate, and severe lesions compared to their non-obese littermates. The severity of CAR bacillus lesions were more variable in the nonobese littermates, possibly because fewer of the OB/ OB mice were infected. Both groups produced antibodies to CAR bacillus, sendai virus, and pneumonia virus of mice. OB/OB mice are reported to have reduced cellular immunity6 based upon impaired ability to reject skin grafts or react to a contact-sensitizing agent in comparison to lean littermate controls. Spleen cells from both OB/OB and lean littermate mice were apparently not impaired in their ability to produce a graft versus host reaction in C57BL/6J x DBA/25 F, hybrid mice, suggesting that the hormonal environment, rather than cells of the immune system, was responsible. Obese mutant mice also have problems associated with diabetes mellitus and obesity,' including hyperinsulinemia, adrenal hyperplasia, and changes in serum lipid levels and the ratio of tissue essential and non-essential fatty acids. It is likely that these mice were more susceptible to infection and disease from CAR bacillus and murine viruses. Since spontaneous disease from CAR bacillus has been previously reported to be associated with other natural murine pathogens, and in this case probable immune deficiency as well, the organism may represent an opportunistic secondary invader rather than that of a primary murine pathogen.
